Introduction
The thin layer solar cell with the structure n + -ZnO/i-ZnO/CdS/Cu(In,Ga)S 2 /Mo/glass is a promising technology with efficiencies reaching almost 13%, depending on the method of production [1, 2, 3] . Although this device can deliver an open circuit voltage in excess of 800 meV [4, 5] , higher than its Cu(In,Ga)Se 2 counterpart, the achieved V oc falls short of that expected from its 1.6 eV band gap. The same is true for the more simple CuInS 2 system with its 1.5 eV band gap and ∼750 meV V oc [3, 4] . As a consequence of this, the overall efficiency of Cu(In,Ga)S 2 -based solar cells is well below that of the low band gap selenide system [6, 7] .
One of the most likely points in the solar cell stack to be responsible for these losses is the interface between the Cu(In,Ga)S 2 absorber and the CdS buffer layer [8] - [13] . For this reason, the Cu(In,Ga)S 2 /CdS junction is the subject of intense research in order to determine the exact role of the buffer layer and the buffer layer/absorber interface in the completed solar cell. It has been well documented in literature that the conduction band line-up at this 3 junction is not optimal, the conduction band of the Cu(In,Ga)S 2 lying energetically further from the Fermi Level than that of the CdS in solar cell quality materials [8] - [10] . The result is increased charge carrier recombination at the interface [13] - [15] .
There are, however, apart from the electronic properties of the Cu(In,Ga)S 2 /CdS interface, also chemical and diffusion processes at work during junction formation which may influence the properties of the completed solar cell [11, 16, 17] .
In order to simplify the picture, one must single out specific processes to investigate which are at work during junction formation, in this case those are the behavior of Cu and Cd.
Through depth profiling on the completed junction we obtain information about the processes which are active during junction formation and lead to the properties of the final interface. This is not to say that other processes present during junction formation do not also play an important role in the functionality of the completed device, however, these can be the subject of future investigations.
Experimental Details
In this contribution we look at a CuInS 2 (CIS) absorber grown by rapid thermal processing (RTP) [3] In Rockett's investigation, the sharp-edged morphology typical of epitaxially grown layers was not rounded by the HCl which was interpreted to mean that the acid did not attack the Cu(In,Ga)Se 2 . However, in the case of the RTP-CuInS 2 used in this investigation it was found that the HCl indeed dissolved the absorber material. Because this investigation aims to determine whether a Cd-containing layer, insoluble in HCl, remains on the CIS surface after the removal of most of the Cd deposited as CdS, as found in [19] , it was vital that the Cd-containing CIS surface not be removed by the etching process. This led to the incremental etching approach.
Also, in order to exclude the possibility that the Cd was temporarily removed by the HCl and then "re-deposited" before the sample was taken out of the acid, the sample was regularly switched to fresh acid baths during the longer etch steps. This also diluted any Cd-containing acid solution remaining on the sample surface from prior baths. During the steps below nine minutes of total etch time, the sample spent no longer than 32 seconds in a single acid bath. Thereafter, up to 18 minutes of total etch time, the sample was moved to a new acid bath after every minute. The last etching step of six hours was completed in only one acid bath. 
Results and Discussion
Initial experiments involving the HCl etching of CdS on RTP-CIS showed that sufficiently high concentrations of HCl can also dissolve the sulfur-based absorber material. Fig. 1) shows a KCN-etched RTP-CIS absorber layer before and after 1 hour in 32% HCl. The difference between the two images can immediately be seen and has been interpreted as a removal of CIS material, i.e. material dissolved by HCl. Although this concentration is much higher than that used in other experiments described later, the sufficient HCl concentration needed to dissolve the CIS was not determined and the result in fig. 1 led, therefore, to the necessity of the incremental etching. SEM images were also made on CIS layers after shorter etching times in HCl with the same concentrations as those found in the following sections of this paper (4 and 8 weight-%). The results were indistinguishable from CIS etched only in KCN. i.e., there is no additional physical intermixing of the layers. 
Conclusion
The incremental etching of a ∼35 nm CdS buffer layer on CuInS 2 with HCl was used to remove the top-layer while studying the surface with photoelectron spectroscopy after every etch step. The resulting depth profile showed a diffusion of Cu from the CIS absorber into the CdS buffer layer with no additional intermixing of the layers during the removal of material. On the etched CIS surface a Cd-containing layer was observed after even more than six hours of etching time. This layer was not CdS, as this is soluble in HCl, and means that the Cd-S bonds in CdS and in the CIS:Cd layer are different. It was also found that CIS was soluble in concentrated HCl. Furthermore, we believe this method can be applied to other top-layers deposited on substrates sensitive to the chosen solvent in order to produce depth-profiles of, for example, other buffer layers such as ZnS or Zn(S,O). . The ratios were calculated using the denoted peak areas and were properly normalized for quantitative XPS analysis as discussed in the text.
